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TUMOUR-TARGETED THERANOSTIC

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORE
RESEARCH AND DEVELOPMENT

This imnvention was made with Government support under
contracts CA151459 and CA156124 awarded by the
National Institutes of Health. The Government has certain
rights in this imnvention.

RELATED APPLICATIONS

This application 1s a national stage application, filed under
35 US.C. § 371, of International Application No. PCT/
EP2014/066087, filed on Jul. 25, 2014, which claims prior-
ity to GB Patent Application No. 1313900.1, filed on Aug.
2, 2013, the contents of which are hereby fully incorporated
by reference.

SEQUENCE LISTING

The present application contains a sequence listing which
has been submitted in ASCII format via EFS-Web and 1s
hereby incorporated by reference 1n its entirety. The ASCII

copy was created on Jun. 9, 2016, 1s named 41303-
S13NO1IUS_ST25.txt and 1s 3.39 KB m size.

INTRODUCTION

Conventional cancer therapy mvolves radiation and cyto-
toxic chemotherapeutic treatment, both of which generate
serious toxic side effects. Mechanistically these treatments
do not exclusively target cancer cells, but also damage
proliferating cell types of the digestive tract, central nervous
system and bone marrow, and physiological functions of
many tissues, commonly resulting 1n toxicities and impaired
organ function. Furthermore conventional cancer therapy
does not allow drug delivery, pharmacodynamics or thera-
peutic response to be monitored.

Matrix metalloproteinases (MMP) comprise a family of
24 zinc-dependent endopeptidases with structural similarity.
The MMP family comprises two groups, that 1s, the soluble
type and the membrane-type MMPs (MT-MMPs), with the
MT-MMPs turther subclassified by their cell surface asso-
ciation, either by a transmembrane domain (MT1, 2, 3, and
5) or by glycophosphatidylinositol anchor (MT4 and 6).
Transmembrane MT-MMPs play a role 1n many tumouri-
genic processes, they facilitate tumour cell invasion and play
a major role i controlling tumour cell growth, migration,
differentiation, and ultimately metastasis. Transmembrane
MT-MMPs expressmn especially MT1-MMP (also known
as MMP-14), 1s elevated in nearly all solid tumours. MMP-
14 1s overexpressed 1n all solid tumours which contain a
vascular component.

The pivotal role for MMP-14 in tumour expansion and
progression, 1ts elevated expression 1n solid tumours and its
unique localization tethered to the cell surface has been
exploited in cancer therapy by Atkinson et al (Atkinson et al,
Cancer Research 2010, 70, 6902) who demonstrated that a
systemically non-toxic prodrug comprising an MMP-14
cleavable peptide conjugated to azademethylcolchicine, a
highly potent vascular disrupting agent (VDA), was selec-
tively activated by MMP-14 at the tumour site. Therefore the
toxic VDA activity 1s targeted to the tumour site. This was

exemplified by the prodrug ICT-2588.

10

15

20

25

30

35

40

45

50

55

60

65

2

Nanoparticles loaded with anti-tumour agents have been
assessed as a strategy to deliver anti-tumour agents to

tumour sites. Accumulation ol nanoparticles occurs at
tumour sites. This observation has been called the enhanced
permeability and retention (EPR) effect. EPR 1s the retention
at tumour sites, 1n preference to normal tissues, ol macro-
molecules because tumour neovasculature 1s abnormal and
“leaky”. However, since extravasation may occur across
organs of the reticuloendothelial system (RES) 1t has been
recognised that strategies are required to ensure tumour-
selective delivery of toxic agents to reduce the potential for
toxic side eflects 1n the RES.

MR probes for imaging cancer have been previously
described. However, such probes lacked any anti-cancer
activity.

Theranostic nanoparticles have been suggested. However
these previous approaches have largely proved unsuccessiul.

There remains a need to overcome previous shortcomings
in cancer therapy.

SUMMARY OF THE

INVENTION

The present mventors have harnessed the targeting of
nanoparticles to tumour sites, combined with the tumour site
specific elevated MMP-14 activity within one conjugate to
simultaneously deliver a vascular disrupting agent (VDA)
and a MRI contrast agent to a tumour site. The MMP
activatable conjugate of the present invention provides both
therapeutic and diagnostic functions—and 1s referred to as a
“theranostic”. The theranostic conjugate of the present
invention achieves the benefits of tumour site specificity,
VDA delivery and MRI contrast agent delivery 1 a single
theranostic conjugate. Consequently, the present mnvention
provides a cancer “theranostic” which improves therapeutic
ellicacy whilst simultaneously reducing dose-limiting sys-
temic toxicities and provides a tool for rapidly and non-
invasively i1dentifying tumour location, monitoring drug
delivery and pharmacodynamics.

The present mvention provides a matrix metalloprotease
(MMP) activatable conjugate comprising a vascular disrupt-
ing agent (VDA) which binds to the colchicine binding site
of tubulin, a MMP cleavable peptide comprising the amino
acid sequence -Gly-Hol-Tyr-Leu- (SEQ ID NO: 1) or -Arg-
Ser-Cit-Gly-Hoi-Tyr- (SEQ ID NO: 2) and a nanoparticle
bearing a magnetic resonance imaging (MRI) contrast agent.
(Hot stands for homophenylalanine.)

The nanoparticle 1s a moiety of suflicient size to accu-
mulate at a tumour site. Accumulation at tumour sites occurs
because of the abnormal architecture of tumour vasculature
allowing extravasation of macromolecules. Accumulation
occurs at the tumour site due the EPR eflect. The nanopar-
ticle can be functionalised with an MRI contrast agent. The
MRI contrast agent allows detection of the site of accumu-
lation of the nanoparticle and hence the site of VDA delivery
to a tumour.

The amino acid sequence -Gly-Hoi-Tyr-Leu-(SEQ 1D
NO: 1) or -Arg-Ser-Cit-Gly-Hoi-Tyr- (SEQ ID NO: 2)
Comprised within the MMP cleavable peptide means that the
peptide 1s cleavable in the presence of MMP-14 which 1s
over expressed 1n solid tumours. Preferably the MMP cleav-
able peptide 1s selectively cleavable by MMP-14. Therefore
the conjugate 1s advantageously a MMP-14 activatable
conjugate.

The VDA causes collapse of the tumour vasculature
providing several advantages including tumour cell death.

In preferred embodiments the conjugate does not com-

prise folate. A folate moiety 1s not required for tumour
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specific targeting of the conjugate of the present invention
and the absence of a folate moiety enhances tumour site
targeting of the conjugate.

In embodiments the conjugate of the present imnvention
comprises a MMP cleavable peptide which can comprise the
amino acid sequence -Gly-Hotf-Tyr-Leu- (SEQ ID NO: 1),
optionally -Cit-Gly-Hoi-Tyr-Leu- (SEQ ID NO: 3) (Cit
stands for citruline) and further optionally -Ser-Cit-Gly-Hoi-
Tyr-Leu- (SEQ ID NO: 4). In embodiments the conjugate of

the present invention comprises a MMP cleavable peptide
which can comprise the amino acid sequence -Arg-Ser-Cit-
Gly-Hotf-Tyr- (SEQ ID NO: 2) or -pAla-Cys-Arg-Ser-Cit-
Gly-Hot-Tyr (SEQ ID NO: 5). Beneficially, the MMP cleav-
able peptide may comprise an amino acid sequence -Arg-
Ser-Cit-Gly-Hof-Tyr-Leu- (SEQ ID NO: 6).

The MMP cleavable peptide can further comprise an
amino acid with a reactive group for conjugation to a
nanoparticle or to a nanoparticle via a linker. A person
skilled 1n the art would be aware of amino acids with a
suitable side chain for conjugation. The MMP cleavable
peptide can further comprise a -Cys-. Inclusion of a cysteine
residue provides an —SH group which may be used for
conjugation to the nanoparticle. An amino acid with a
suitable side chain for conjugation may be included within
the MMP cleavable peptide at a position that does not
disrupt the MMP-14 recognition sequence -Gly-Hot-Tyr-
Leu- (SEQ ID NO: 1) or -Arg-Ser-Cit-Gly-Hof-Tyr- (SEQ
ID NO: 2). The MMP cleavable peptide can comprise
-Cys-Arg-Ser-Cit-Gly-Hof-Tyr-Leu- (SEQ ID NO: 7). Fur-
ther preferred sequences of the MMP cleavable peptide can
include -pAla-Cys-Arg-Ser-Cit-Gly-Hof-Tyr-Leu- (SEQ ID
NO: 8), -pAla-Arg-Ser-Cit-Gly-Hol-Tyr-Leu-Cys- (SEQ 1D
NO: 9) or -pAla-Arg-Ser-Cit-Gly-Hol-Tyr-Leu-Tyr-Cys-
(SEQ ID NO: 10).

In embodiments the MMP cleavable peptide can be con-
jugated to the nanoparticle or to the nanoparticle via a linker
at -pAla-.

The MMP cleavable peptide can be prepared using stan-
dard peptide synthesis techniques.

Generally, the MMP cleavable peptide 1n the conjugate of
the present invention has an amino acid sequence of from
four to about fifteen amino acids, optionally from six to
twelve amino acids and further optionally eight, nine, ten or
cleven amino acids.

In embodiments the peptide may further comprise an
endcap to prevent non-specific exopeptidase cleavage of the
MMP cleavable peptide. The endcap may be an N-terminal
endcap. The endcap may be any organic moiety suitable for
prevention ol non-specific exopeptidase cleavage. In pre-
terred embodiments the endcap may be tluorescein or FITC.
In other embodiments conjugation of the MMP cleavable
peptide to the nanoparticle may be via 1ts terminal amino
acid and may replace an endcap.

The MMP cleavable peptide in the conjugate of the
present 1nvention 1s preferably cleavable by MMP-14.
Advantageously the MMP cleavable peptide of the present
invention 1s selectively cleavable by MMP-14. Therefore 1n
embodiments the MMP cleavable peptide 1s not cleavable,
or only very slowly cleavable, by other MMPs. MMP-14 1s
overexpressed i tumour vasculature and therefore 1s present
and overexpressed in all solid tumours which contain a
vascular component. Consequently, overexpression of
MMP-14 1s found at a wider range of solid tumour sites than
the targeting moieties which have been used 1n other tumour
pro-drugs. Furthermore, MMP-14 1s also overexpressed in
many solid tumours themselves.
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The conjugate of the present invention 1s non-toxic prior
to contacting MMP-14 since the action of MMP-14 1s
needed to release the VDA. The conjugated VDA 1s non-
toxic 1n normal tissues because they lack high MMP-14
activity. Therefore systemic toxicity 1s avoided. A benefit of
conjugates of the present invention is that the activation 1s
“built-1n” and does not require external stimuli for release of
the VDA. The conjugate instead relies on tumour-associated
MMP-14 activation.

The nanoparticle of the conjugate of the present invention
1s a macromolecule of suflicient size such that extravasation
can occur from tumour vasculature. The nanoparticle should
ideally have sulilicient size to be able to penetrate the size of
gap junction between leaky tumour vasculature and/or be
suiliciently large to prevent rapid leakage into blood capil-
laries and/or be sufliciently large so that 1t 1s not cleared too
quickly by the kidneys. Additionally the nanoparticle should
ideally be small enough to escape capture by macrophages
in the reticuloendothelial system in the liver and spleen
and/or be small enough so that the kidneys are capable of
clearing the nanoparticle.

The MMP activatable conjugate of the present invention
may be referred to as a theranostic nanoparticle (TNP).

Nanoparticles may be classified by size and a diameter
may be useful. In embodiments of the present imvention
nanoparticles can be 1 to 250 nm in diameter and preferably
in the range of 3 to 200 nm i1n diameter. Alternatively, the
nanoparticles can be 1n the size range from 3 to 160 nm or
from 3 to 100 nm 1n diameter.

The nanoparticle of the present invention bears the MRI
contrast agent which may be integral with the nanoparticle
or linked to 1t. In embodiments of the present invention the
MRI contrast agent can be part of a macromolecule and
function as the nanoparticle.

The MRI contrast agent 1n the conjugate of the present
invention may be selected from a transition metal 10on or
lanthanide metal 1on. Suitable 10ons 1nclude those of gado-
lintum, 1ron, platinum, manganese, copper, gold, or barium.
Optionally the MRI contrast agent 1s selected from iron
oxides, magnetite (Fe,O,) or maghemite (Fe,O,). Com-
monly, iron oxide 1s used which 1n embodiments may be
selected from superparamagnetic 1iron oxide (SPIO) or ultr-
asmall superparamagnetic iron oxide (USPIO).

In embodiments the nanoparticle features an organic or
inorganic surface coating, which may be a natural or syn-
thetic polymer. The coating may be selected from gelatin,
dextran, casein, chitosan, PEG, polyvinylpyrrolidone (PVP),
polyvinyl alcohol (PVA), or polyacrylic acid (PAA). In
embodiments the nanoparticle contains a carbohydrate coat-
ing optionally dextran. In certain embodiments the nanopar-
ticle bearing a MRI contrast agent 1s a dextran-coated 1ron
oxide nanoparticle, preferably ferumoxytol. Ferumoxytol 1s
a macromolecule and therefore provides both the MRI
contrast agent and the nanoparticle 1n conjugates of the
present mvention.

The nanoparticle bearing the MRI contrast agent has
suitable properties for the 1maging mechanism, 1s compat-
ible with biological systems and comprises moieties for
conjugation. Conjugation of the nanoparticle, or the nano-
particle via a linking moiety, to the MMP cleavable peptide
may be achieved by standard chemuistry.

The VDA 1n the conjugate of the present invention 1s
conjugated to the MMP cleavable peptide such that 1ts toxic
activity 1s masked until cleavage of the MMP cleavable
peptide. Preferably the VDA 1s amenable to conjugation
with an amino acid. Conjugation of the VDA to the MMP
cleavable peptide may be achieved by standard chemistry.
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Generally VDASs of the present mnvention are compounds
which directly mteract with tubulin, at the colchicine bind-
ing site, and consequently intracellular microtubules, result-
ing 1n a cytostatic or cytotoxic effect. This effect can stem
from a VDA’s ability to hinder tubulin polymerisation or
depolymerisation.

In some embodiments of the conjugate of the present
invention the VDA 1nteracting with the colchicine binding
site of tubulin can optionally be 1s selected from colchicine,
colchicine analogs and derivatives, colchicinoids, combr-
estatins, phenstatin, podophyllotoxins, steganacins, amphet-
hinile or stilbenes.

In some embodiments of the present invention the VDA
1s a colchicine analog or dertvative and optionally may be
selected from the group consisting of azademethylcolchi-
cine, azacolchicine, N-methyl desacetylcolchicine, desace-
tylcolchicine and N-acetylcolchinol-O-phosphate. More
preferably the VDA 1s azademethylcolchicine.

Use of VDAs, such as azademethylcolchicine, 1n the
conjugate of the present mnvention offers further advantages
in that VDAs can target tumour endothelia and so cause
direct damage to the vasculature resulting in vessel collapse
and a cessation of blood flow to the tumour and can be
highly effective without needing to penetrate throughout the
tumour mass.

The matrix metalloprotease (MMP) activatable conjugate
of the present invention 1s targeted to and only activated at
a tumour site because 1t has an MMP cleavable peptide
comprising the amino acid sequence -Gly-Hoif-Tyr-Leu-
(SEQ ID NO: 1) or -Arg-Ser-Cit-Gly-Hof-Tyr- (SEQ 1D
NO: 2). Preferably the MMP cleavable peptide 1s a MMP-14
specifically cleavable peptide. The VDA, when released
from the conjugate by cleavage of the MMP cleavable
peptide at the tumour site, has 1ts effect and can cause
collapse of tumour vasculature. In one theory the nanopar-
ticle assists 1n the tumour targeting and tumour site accu-
mulation of the conjugate of the present invention. In an
alternative theory the nanoparticle extravasates after cleav-
age of the MMP cleavable peptide and accumulates at the
tumour site. Vascular collapse further ensures the nanopar-
ticle remains at the tumour site. The conjugate has no further
targeting moiety(ies). In particular the conjugate of the
present invention does not comprise folate. No further
targeting moiety(ies) 1s(are) required and, 1t present, could
reduce the eflicacy of the conjugate of the present invention.

An earlier study considered tumour-specific MR 1maging
and therapy via folate-conjugated nanoparticles, which were
linked to a C- and N-terminal modified peptide conjugate of
azademethylcolchicine which could be activated by MMPs
(Ansar1 et al 2011). The conjugate of the present invention
has several advantages over this folate-conjugated nanopar-
ticle.

Folate receptors are overexpressed in developing or rap-
1dly growing or dividing tissues in the body and therefore
folate receptors are present at high levels in many non-
tumourous tissues. Use of a folate targeting moiety may
cause a lolate-conjugated nanoparticle to be directed to
rapidly growing or dividing normal tissues. Beneficially a
specifically MMP-14 cleavable peptide would prevent aza-
demethylcolchicine toxicity in non-tumour tissues, however
the presence of a folate moiety may cause the MR imaging
to detect tissues away from the tumour site. Folate receptors
are present 1n a wide range of solid tumours, however this
range of solid tumours 1s a subset of the solid tumour types
overexpressing MMP-14. Reliance on a folate targeting
moiety may therefore reduce the number of tumours in
which such a therapy may be beneficial 1n comparison with
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use of a specifically MMP-14 cleavable peptide for target-
ing. Additionally the MMP cleavable conjugate of the pres-
ent invention 1s simpler to manufacture than the previously
considered folate-conjugated nanoparticles.

An embodiment of the present invention provides a
matrix metalloprotease (MMP) activatable conjugate com-
prising: a VDA which binds to the colchicine binding site of
tubulin selected from azademethylcolchicine, azacolchicine,
N-methyl desacetylcolchicine, Desacetylcolchicine, N-ace-
tylcolchinol-O-phosphate, a MMP cleavable peptide com-
prising an amino acid sequence -Arg-Ser-Cit-Gly-Hof-Tyr-
Leu- (SEQ ID NO: 6), a nanoparticle of 3 to 200 nm 1n
diameter bearing a magnetic resonance imaging (MRI)
contrast agent, and wherein the conjugate does not comprise
folate.

A further embodiment of the present invention provides a
theranostic conjugate comprising a VDA which 1s a colchi-
cine dernivative, and preferably 1s azademethylcolchicine.
The MMP cleavable peptide comprises -Arg-Ser-Cit-Gly-
Hoif-Tyr-Leu- (SEQ ID NO: 6) and can further comprise
-Cys- as this may provide a functional group for attachment
to other moieties of the conjugate so that the MMP cleavable
peptide comprises -Cys-Arg-Ser-Cit-Gly-Hot-Tyr-Leu-
(SEQ ID NO: 7). The theranostic conjugate also comprises
a carbohydrate coated 1ron oxide nanoparticle, preferably
ferumoxytol, as the nanoparticle bearing a MRI contrast
agent. The theranostic conjugate requires no further target-
ing moiety. In particular the theranostic conjugate does not
comprise a folate moiety.

Another aspect of the present invention provides a phar-
maceutical composition comprising the conjugate of the
present invention and a pharmaceutically acceptable carrier,
vehicle, diluent or excipient.

The conjugate of the present mvention and/or a pharma-
ceutical composition of the present mnvention can be admin-
istered by 1njection. Injection of the conjugate of the present
invention may be via any suitable route, for example 1ntra-
venous 1njection.

A further aspect provides the conjugate of the present
invention, or the pharmaceutical composition described
above, for use in therapy.

The present invention provides the conjugate of the
present invention for use in treating cancer. Generally the
cancer 1s a solid tumour. The solid tumour may be a sarcoma,
a carcinoma, or a lymphoma. The conjugate of the present
invention 1s for use 1 a method of treating a solid tumour
comprising a vascular component.

The present mvention provides the conjugate described
above for use 1n a method for obtaining tumour site location
information. The conjugate of the present invention can be
used 1n a method for obtaining a MR 1mage showing a
tumour site.

The present mvention provides the conjugate described
above for use 1n a method of treating and 1maging a tumour,
the method comprising administering the conjugate to a
subject and obtaining an MRI 1image of the subject’s tumour
site.

The present invention also provides the conjugate
described above for use 1n a method of treating a tumour and
monitoring VDA delivery to a tumour site, the method
comprising administering the conjugate to a subject and
obtaining one or more MRI 1images of the subject’s tumour
site, thereby monitoring VDA delivery to the tumour site.
Optionally a first MRI 1image of the tumour site 1s obtained
at a first point in time and a second MRI 1mage of the tumour
site 1s obtained at a subsequent second point in time, thereby
enabling VDA delivery to the tumour site to be monitored.
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This mvention also provides a method for treating a
tumour comprising administering to a subject 1 need
thereol an eflective amount of the conjugate of the present
invention, the method can further comprise obtaining an
MRI 1mage of the subject’s tumour site.

This invention also provides a method for treating and
imaging a tumour comprising admimstering to a subject 1n
need thereof an eflective amount of a conjugate of the
present mvention and using MRI to image the tumour site.

This 1nvention also provides a method for treating a
tumour and monitoring VDA delivery to the tumour 1n a
subject, the method comprising administering the conjugate
to a subject 1n need thereotf and obtaining one or more MRI
images ol the subject’s tumour site. Optionally, a first MRI
image of the tumour site 1s obtained at a first point 1n time
and a second MRI image of the tumour site 1s obtained at a
subsequent second point 1 time, thereby enabling VDA
delivery to the tumour site to be monitored.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (A) shows a schematic representation of a conju-
gate of the present invention activated by MMP-14. In this
embodiment the nanoparticle bearing a MRI contrast agent
1s a nanoparticle with 1ron oxide core and 1s shown as a
sphere, the MMP cleavable peptide 1s shown as bars and the
VDA 1s shown as pyramids.

FIG. 1 (B) shows synthesis of the theranostic nanopar-
ticles. (ICT=MMP cleavable peptide-conjugated azadem-
cthylcolchicine)

FI1G. 2 (A) shows absorption spectra of the TNPs and their
components (a.u.=arbitrary units)

FIG. 2 (B) shows a representative transmission electron
microscopy 1mage ol CLIO-ICT. Inset shows crystalline
iron oxide core of a single nanoparticle;

FIG. 2 (C) CLIO-ICT activation by MMP-14 1n PBS
bufler analysed by HPLC. Mass spectrum of the indicated

peak confirmed the presence of product of TNP cleavage by
MMP-14.

FIG. 3 (A) shows results of a caspase assay: PyMT, 4T1,
human dermal fibroblasts, endothelial cells, and macro-
phages were incubated with PBS, Ferumoxytol only, CLIO-
ICT, and ICT only. After incubation the assay was run for 4
hr—readings taken every 5 min. Cells incubated with CLIO-
ICT along with those incubated with ICT showed more
fluorescence (more cell death) than those incubated with
ferumoxytol only and PBS only. Cells incubated with ICT
only showed similar levels of fluorescence but showed a
plateau after 60 min.

FIG. 3 (B) shows gPCR of MMP-14 expression of
MMTV-PyMT, 411 and human dermal fibroblasts.

FIG. 3 (C) shows PyMT tumour sizes were measured
daily for 7 days after intravenous injection of PBS, Feru-
moxytol, CLIO-ICT and ICT. The tumour size increases in
that of the PBS and Ferumoxytol administered subjects and
decreases 1n the CLIO-ICT and ICT cases.

FIG. 4 (A) shows axial T2-weighted MR 1mages (TR
2500 ms, TE 80 ms) of MMTV-PyMT mammary tumours
before and after a single intravenous injection: 0.6 M (Fe)
solution of ferumoxytol (0.5 mmol Fe/kg), 0.4 M (Fe)
solution of CLIO-ICT (0.75 mmol Fe/kg and 1.0 umol/kg of
ICT), 0.29 mM solution of ICT (1.0 umol/’kg), or PBS (1.0
wl/um). Contrast agent accumulation 1s noted as a negative
(dark) signal enhancement of the tumours.

FI1G. 4 (B) shows MR signal enhancement data 1in tumours
corresponding to FIG. 4 quantified as AR,=(R,pre=R.,post).
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Data are displayed as mean data of n=6 tumours in each
group for 1 h and 24h time points.

FIG. 5 (A) shows MMP-14 negative fibroblasts: H&E
stained histologic sections of fibroblasts treated with CLIO-
ICT and ICT showing no necrosis (both images taken at 40x
magnification)

FIG. 5 (B) shows TNP-induced cell death in MMT V-
PyMT tumours. H&E panels: CLIO-ICT treated tumour
demonstrating diffuse necrosis (200x magnification); ICT
treated tumour with predominately viable tumour cells and
a subset of cells undergoing necrosis (200x magnification);
Ferumoxytol treated tumour with diffuse viability and no

necrosis (100x magnification, inset: 400x magnification).
FIG. 5 (C) shows 1ron panels: Scattered CLIO-ICT treated

tumour and rare admixed histiocytes contain blue pigment
indicating cytoplasmic 1ron deposition (200x magnifica-
tion); ICT treated tumour shows no cytoplasmic 1ron depo-
sition, scattered iron laden histiocytes serve as an internal
positive control (200x magnification); Ferumoxytol treated
tumour show cytoplasmic 1ron deposition, scattered iron
laden histiocytiocytes serve as an internal positive control
(200x magnification).

FIG. 5 (D) shows fluorescence microscopy showing FITC
signal for CLIO-ICT and ICT but no signal for Ferumoxytol

FIG. 5 (E) shows caspase-3 panels: CLIO-ICT and ICT
treated tumours show Cy3 labeling throughout the samples;
Ferumoxytol treated tumour shows few areas with weak Cy3
fluorescence (4x magnification).

FIG. 6 shows CLIO-ICTs do not cause toxic eflects in
normal organs. Above histopathologies show no significant
necrosis ol normal organs on H&E staining of the A) Heart,
B) Kidney, C) Spleen, D) Brain, E) Bone Marrow and F)
Liver.

FIG. 7 schematically shows a summary of invention (see

FIGS. 1 (A) and 1 (B))

FIG. 8 shows selective cytotoxicity of CLIO-ICT and ICT
against MMP-14 expressing cell types.

FI1G. 9 shows accumulation of control, ICT, CLIO-ICT
and ferumoxytol 1n accessory organs and tumour. Marked
signal enhancement 1n RES organs—Iliver and spleen and no
significant enhancement 1n the kidney or muscle.

FIG. 10 shows average weight of tumours 1n grams.
Tumour weight (gm) was monitored daily for 6 days after a
single I'V administration of CLIO-ICT, ferumoxytol, ICT, or
PB5 (n 4 1n each group).

FIG. 11 shows the retention of ICT and CLIO-ICT 1n
tumor following 1n vivo administration. The retention of ICT
and CLIO-ICT was detected by fluorescence detection (521
nm) of the fluorescein endcap of the agents. The accumu-
lation of these agents within the tumour 1s suggested to be
a consequence of vascular collapse and their subsequent
trapping in the tumour microenvironment, as previously
reported by Atkinson et al. Fluorescence intensity was
measured and averaged i six randomly selected areas of
five slides from four mice 1n each group (120 measurements
for each time point for each group).

FIG. 12 shows prevention of cytotoxicity by CLIO-ICT
and ICT 1n the presence of the MMP-selective inhibitor
[lomostat (GM-6001) as determined by evaluation of cas-
pase activity. Cells (PyMT, 4T1, fibroblasts, endothelial
cells and macrophages) were exposed for 4 hrs to CLIO-
ICT, ICT, ferumoxytol only or solvent control 1n the pres-
ence or absence of Ilomostat. The cytotoxicity as displayed
by mean fluorescence 1s dimimished in the PyMT cells
treated with CLIO-ICT and ICT blocked with Ilomostat.

Graphs 1ndicate expression of caspase, relative to control,
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and represent the mean
experimentststandard deviation.

FIG. 13 shows an HPLC trace (detection at 320 nm) of
TNP 1incubated with blood (upper line TNP+blood) and
MMP-14 butler (lower line TNP+MMP-14). To check TNPs
ofl-site activation, both HPLC and LC-MS search for cleav-
age products including Colchicine-Tyr-Leu-Tyr-Hof (shown
in FIG. 2C), Colchicine-Tyr-Leu-Tyr, Colchicine-Tyr-Leu,
Colchicine-Tyr, and Colchicine, and their fragmentation
products were performed. TNP incubated with blood didn’t
produce the Colchicine-Tyr-Leu-Tyr-Hol peak—one of the
MMP-14 cleavage products. MS analysis of all other peaks
did not reveal any matches with the potential cleavage

products.

of 3 1independent

EXEMPLIFICATION

The theranostic strategy of the present invention builds on
the previous development of ICT 2588 a novel MMP-14
activated tumour-targeted VDA which shows tumour selec-
tive activation and significant therapeutic eflicacy with dem-
onstrated potential for circumventing systemic toxicity. The
conjugate of the present invention progresses and advances
this strategy by linking this concept to a magnetic nanopar-
ticle to create the theranostic conjugate CLIO-ICT described
below.

1. Experimental Details
1.1 Synthesis of Theranostic Nanoparticles TNPs

For the synthesis of TNPs, we used the ultrasmall super-
paramagnetic 1ron oxide nanoparticle compound (USPIO)
ferumoxytol, an FDA-approved 1ron supplement for intra-
venous treatment of 1ron deficiency. Ferumoxytol consists of
an 1ron oxide core and a carboxymethyldextran coating. The
carboxydextran coated ferumoxytol nanoparticles were first
cross-linked with epichlorohydrin for better stability 1n vivo
as described previously. Dialysis to remove low molecular
welght compounds against water using dialysis tubing (12-
14K cut-oil) over three days yielded cross-linked 1ron oxide
nanoparticles (CLIO). The obtained amine-presenting nano-
particles were then reacted (FIG. 1B) with the bifunctional
linker, succinimidyl-([N-maleimidopropionamido]-4ethyl-
eneglycol) ester (NHS-PEG,-maleimide or SM (PEG),) 1n
PBS (pH 7.4 builer). Purl lcation with Microcon® centri-
tuge filters (10 KDa cut-off, 5 mL ->0.2 mL volume reduc-
tion, 4600 rpm, PBS butler addition and centrifugation was
repeated 5 times) removed low molecular weight com-
pounds to aflord cross-linked iron oxide nanoparticles con-
jugated with the linker-bearing maleimide (CLIO-M).

MMP-14 activatable TNPs were synthesized by conju-
gating CLIO-M to the MMP cleavable peptide-conjugated
azademethylcolchicine (ICT). ICT 1s a modified analogue of
the previously reported ICT2388 (currently being pro-
gressed towards clinical trials) with an additional cysteine
residue at the P35 position to allow conjugation to the
nanoparticle via maletmide (FIG. 1). ICT was synthesized
using a combination of solution and solid phase peptide
synthesis methodologies, and purified by preparative HPLC
as previously described. A fully side chain-protected mol-
ecule was prepared (ICT3104), to allow convenient storage,
transport and to minimize potential cystemne-sulfur oxida-
tion. Synthesis ol side-chain protected peptide-conjugate
intermediate: 1CT3104 was produced by suspending the
complete chlorotrityl chlornide resin-immobilized peptide
(250 mg) 1 a 1% solution of trifluoroacetic acid (TFA) 1n
dichloromethane (4 mL). The suspension was agitated for 2
minutes, after which the solution was filtered under gravity
directly mto a 10% solution of pyridine 1n methanol (0.8
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ml). This process of agitation in acid, followed by filtration
and neutralization was repeated 10 times. Finally the resin
was washed sequentially with dichloromethane (12 mLx3)
and methanol (12 mLx3). This was repeated. Fractions
containing the product were combined and evaporated to
approximately 5% initial volume. Water was added at 0° C.
to precipitate the crude product, which was subsequently
purified by RP-HPLC using methodology previously out-
lined. Side-chain protecting groups were subsequently
removed by dissolving ICT3104 (25 mg) in a mixture of
TFA: trusopropylsilane (T1IS): water (95:2.5:2.5, 1 mL) and
stirring at room temperature for 2.5 hours. Following depro-
tection of ICT3104, the target agent ICT was precipitated
with cold diethyl ether (40 mL), centrifuged, resuspended
and washed twice with diethyl ether (40 mL). This proce-
dure produced ICT 1n high vield and purity (13 mg, 91%).
Excess of ICT (7 mg/mL, 50:1 molar ratio ICT: CLIO-M
nanoparticle) was coupled with CLIO-M 1 PBS pH 7.4
bufler at room temperature. Purification with Microcon®
centrifuge filters (10K cut-off, 5 mL ->0.2 mL volume
reduction, 4600 rpm, PBS bufler addition and centrifuga-
tion) was repeated 10 times until the filtrate had no fluores-
cence to afford a purified construct, CLIO-ICT.
1.2 Physicochemical Characterization of TNPs

The 1ron concentrations of all nanoparticle samples were
determined by Inductively Coupled Plasma Mass-Spectrom-
ctry (ICP-MS) on a Thermo Scientific XSERIES 2 View
Spectrometer. The molar concentration of ferumoxytol was
calculated using the concentration of 1ron determined by
ICP-MS and known si1ze of iron oxide core of a NP (6.5 nm
on average by TEM=3600 1ron atoms as computed using
Diamond® crystal structure analysis software). The amount
of drug (ICT) covalently linked to a nanoparticle was
calculated using two methods. In the first method, FITC
(FITC.ICT=1:1, Table 1 below) concentration was deter-
mined by subtracting the maximum absorption (492 nm) of
CLIO-ICT from the absorbance of unconjugated TNP alone
(measured for CLIO-NH, at the same concentration of 1ron)
and dividing the result by known extinction coeflicient of
FITC (70,000 M~ cm™') at 492 nm. In the second method,
the FITC’s emission peak of a diluted (to avoid fluorescence
self-quenching) CLIO-ICT was integrated and 1ts concen-
tration was estimated using a calibration plot obtained for a
set of standard FITC solutions. Both methods gave consis-
tent results (less than 8% difference) for three diflerent
solutions of CLIO-ICT. TEM samples were prepared by
drying 5 ul. of 0.3 mM solution on carbon coated 600 mesh
copper grid. The samples were imaged on a FEI Tecnail G2
F20 X-TWIN Transmission Electron Microscope at 200 kV
accelerating voltage. Relativities (r, and r,) were determined
by measuring T1 and T2 relaxation times for a series of
solutions with 1ron concentration of 1-60 mM on a Varian
Inova 300 MHz (7 Tesla) NMR spectrometer using a series
spin-echo and inversion recovery pulse sequences.

Dynamic Light Scattering (DLS, measures the hydrody-
namic radius of the TNP) and Laser Doppler Electrophoresis
(measures zeta potential) were performed on a Brookhaven
90 Plus Nanoparticle Size Analyser. The solutions of nano-
particles 1n the PBS bufler were filtered via Whatman GD/X
13 Syringe Filter (nylon, 0.2 um) immediately before mea-
surements. Dilution to 0.6 mM (1ron) was required to obtain
suflicient number of counts per second due to high value of
absorption of TNPs. Absorption spectra were measured 1n a
1 cm path length cuvette using an Agilent 8453 absorption
spectrophotometer. MALDI-MS spectrometric analyses
were performed at the Mass Spectrometry Facility of Stan-
ford University. HPLC was performed on a Dionex HPLC
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System (Dionex Corporation) equipped with a GP50 gradi-
ent pump and an mline diode array UV-Vis detector. A
reversed-phase C18 (Phenomenax, 5 um, 10x250 mm or

Dionex, 5 um, 4.6x250 mm) column was used with a MeCN
(B)YH,O (A) gradient mobile phase containing 0.1% tritluo-
roacetic acid at a flow of 3 or 1 mL/min for the analysis.

TABLE 1

Theranostic Nanoparticles characterization summary

D, nm /T,

(DLS) Z, meV # of ICT l/mMol * s
Ferumoxytol 19 £4 -13 5 32.3/74.9
CLIO-ICT 21 = 3 +21 = 7 47 £ 04 38.9/56.0
CLIO-ICT 19 = 4 +16 = 6 0.6 +0.2 39.5/55.8
cleaved

1.3 In Vitro Studies

The murine breast carcinoma MMTV-PyMT (isolated
from MMTV-PyMT mouse breast tumours) and 411 (ATCC
CRL-23539) cell lines, and human dermal fibroblasts (ATCC
PCS-201-012) were obtained from the American Type Cul-

ture Collection and authenticated both morphologically and
by short tandem repeat analysis. Cell lines were cultured as
monolayers in RPMI 1640 supplemented with 10% (v/v)
foetal bovine serum, sodium pyruvate (1 mM), and L-glu-
tamine (2 mM). All cell lines were used at a low passage 1n
our laboratory for a maximum of 6 months post-resuscita-
tion and were tested regularly to confirm lack of Myco-
plasma infection.

Assessment of MMP-14 gene expression of MMTV-
PyMT and 4T1 tumour cells as well as human dermal
fibroblasts as controls was determined by gPCR. gqPCR
expression analysis for MMP-14 and the control marker
GAPDH was done and the total cellular RNA was extracted
from each sample with the QIAGEN RNeasy® min1 kait.
cDNA was prepared from total RNA and quantitative real-
time PCRs (qPCRs) were carried out and analyzed on an
Applied Biosystems StepOne™ Real-Time PCR System.
The formation of double-stranded DNA product was moni-
tored by TagMan® gene expression primers.

To monitor stability of CLIO-ICT and ICT, 2 mL of PyMT
mouse blood was collected and 100 ulL of 0.4 M (Fe)
solution of CLIO-ICT and 100 uLL 0.29 mM solution of ICT
were incubated with 500 uL of fresh blood each at 37° C. for
three days. The solutions were filtered via Whatman GD/X
13 Syringe Filter (nylon, 0.2 um) and analysed by MALDI
Mass-Spectrometry.

Subsequently, triplicate samples of MMTV-PyMT tumour
cells and human dermal fibroblasts were incubated with
terumoxytol, CLIO-ICT, ICT, or PBS, and analysed {for
caspase-3 activity levels, a marker of cytotoxicity using the
SensoLyte® Homogeneous AMC Caspase-3/7 assay kit
(AnaSpec, Inc., California), according to the manufacturer’s
instructions. Release of the AMC fluorophore following
cleavage of the specific tluorometric caspase substrate,
DEVD-AMC was detected using a fluorometer (ex/em=354
nm/442 nm).

1.4 In Vitro Viability Studies Using MTT Assay

The selective cytotoxicity of CLIO-ICT and ICT against
MMP-14 expressing cell types was assessed using the MMT
assay following 96 hr in vitro exposure of the cell types to
CLIO-ICT, ICT, Ferumoxytol or 0.1% DMSO (Control).
The cell types were PyMT, 411, fibroblasts, endothelial cells
and macrophages. Both PyMT and 411 demonstrate sensi-

tivity to the MMP-14-activated agents, CLIO-ICT and ICT,
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whilst MMP-14-negative forblasts, endothelial cells and
macrophages did not. No toxicity was observed when cells
were exposed to ferumoxytol alone. FIG. 8 shows the mean
of 3 mdependent experimentststandard deviation
1.5 In Vivo Evaluation of Theranostic Activity

All procedures were approved by the animal care and use

committee at Stanford University. MMTV-PyMT mice that
spontaneously develop multifocal, multiclonal mammary
adenocarcinomas were used. Explants of MMTV-PymT
tumours were implanted into 24 four week old female FvBN
mice as described previously. When the tumours had
reached a size of 1 cm, four groups of six mice each received
a single intravenous injections of 0.6 M (Fe) solution of
terumoxytol (0.5 mmol Fe/kg), 0.4 M (Fe) solution of
CLIO-ICT (0.75 mmol Fe/kg and 1 umol/kg of ICT), 0.29

mM solution of ICT (1 pmol/kg), or PBS (1.0 ul/gm). Due
to the approximately 1/3 lower r2-relaxivity of the TNPs

compared to the original ferumoxytol, TNPs were adminis-
tered at a correspondingly higher 1ron oxide dose. All mice
underwent MR 1maging on a 1 T desktop MR scanner
(Aspect M2™ Compact High Performance MR System,
Toronto, ON). Animals were anesthetized with 1sofluorane
and placed mm a dedicated radiofrequency coil for high

resolution MR 1maging, using T2-weighted SE sequences
(TR 2500 ms, TE 20, 40, 60, 80 ms) with a field of view

(FOV) of 6x6 cm (1T), a matrix of 128x128 pixels and a
slice thickness of 1-2 mm. MR scans were obtained directly
before, continuously up to 1 hour (h) post injection (p.1.) of
terumoxytol, CLIO-ICT, ICT or PBS, as well as 24 h p.1.
T2-relaxation times of the tumour were calculated based on
multiecho SE sequences and converted to R2-relaxation
rates (R2=1/12), which are proportional to contrast agent
concentration. The relative change 1n R2 data between pre-
and postcontrast MR scans, AR2(%) was determined as a
quantitative measurement of tumour contrast enhancement.
1.6 Antitumour Activity

Mice bearing subcutaneous PyMT tumours were random-
1zed 1nto groups (n=6 mice) and received either ferumoxy-
tol, CLIO-ICT, or ICT wvia intravenous administration.
Tumour size (measured by calipers) was recorded daily for
7 days. Tumour diameter and volumes were recorded.
Tumour volume was calculated using the formula: (axb)/2
(a and b are the smaller and larger dimension of the tumour,
respectively).
1.7 Histological Assessment of TNPs and Caspase-3 Activ-
ity

The distribution of nanoparticles and 1nduction of cas-
pase-3 activity was assessed 48 hours following intravenous
administration of TNP and drugs. Mammary tumours and
samples of visceral organs were explanted, and placed 1n
Optimal Cutting Temperature (OCT) compound on dry ice
for histological processing. For detection of FITC-labelled
nanoparticles and therapeutic drugs all slides were mounted
using ProLong Gold with DAPI (Invitrogen) and analysed
using an LSM510 confocal microscope (Zeiss, Thornwood,
N.Y.). Histologic sections of mammary tumours and visceral
organs were stained using standard H&E and 1ron was
detected using DAB-enhanced Prussian Blue staiming. Cas-
pase-3 activity was evaluated immunohistochemically by
antibody staining ol cleaved caspase-3 (Cell Signalling
Technology 9661) and Cy3-labelled biotin/avidin detection
(Vector Labs and Jackson ImmunoResearch). Labelled cells
were analysed by fluorescence microscopy.
1.8 Statistical Analyses

Quantitative data of experimental groups recerving dif-
terent diagnostic or therapeutic agents were compared with
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a Wilcoxon rank sum test and an analysis of varnance.
P<0.05 was considered significant.

Results

2.1 Design of MMP activatable conjugate

The concept for the MMP activatable conjugates of the
present invention 1s shown in FIG. 1, and the conjugates
comprise:

1. Nanoparticle bearing a MRI contrast agent,

11. MMP cleavable peptide, and

111. A vascular disrupting agent (VDA).

These TNPs are comprised of the following: (1) the
nanoparticle bearing a MRI contrast agent 1s a cross-linked
iron oxide (CLIO) nanoparticle with an ultra-small (6.5 nm)
iron oxide crystal encapsulated into an 8 nm thick polysac-
charide dextran shell. Superparamagnetism of the core
allows for MR 1maging of the TNP. (11) The MMP cleavable
peptide 1s an MMP-14 peptide recognition sequence with an
N-terminal masking group containing fluorescein: FITC-
BAla-Cys-Arg-Ser-Cit-Gly-Hof-Tyr-Leu-Tyr (SEQ 1D NO:
11) that 1s specifically cleaved between glycine and
homophenylalanine (Hof) by tumour-associated MMP-14.
(111) The VDA 1s azademethylcolchicine. The amino group
of azademethylcolchicine was attached to the peptide,
thereby rendering the drug non-toxic until activated, as
demonstrated previously for the MMP-activated prodrug
ICT2588. The fluorescent masking group enables physico-
chemical characterization and therefore serves as a label for
TNPs, 1n addition to 1ts role 1 providing metabolic stability
to the peptide.

2.2 Physicochemical Properties of TNPs

CLIO-ICT was characterized by Dynamic Light Scatter-
ing (DLS), Laser Doppler Electrophoresis, UV-Vis absorp-
tion spectroscopy, tluorescence spectroscopy, and Nuclear
Magnetic Resonance (Table 1). DLS measurements showed
the expected increase 1n the NPs size from 19 nm to 21 nm
alter conjugation with ICT. Cross-linking, amine group
addition, and ICT attachment also changed the charge of the
nanoparticle: 1t was negative for ferumoxytol, positive for
both CLIO-ICT and 1ts MMP-14 cleavage product according,
to laser Doppler electrophoresis (zeta potential measure-
ments, Table 1). The number of ICT molecules per iron
oxide nanoparticle was determined to be on average 4.7
from the attached fluorescein absorption and known TNP
concentration.

TNP activation was studied using HPLC to analyse solu-
tions of both ICT (10 mM) and CLIO-ICT (10 mM) post-
incubation with recombinant MMP-14 (20 ug/mL) 1n PBS
butler at 37° C. (FIG. 2). One of the major peptide metabo-
lites 1dentified by mass spectrometry (HPhe-Tyr-Leu-Tyr-
azademethylcolchicine) was 1dentical to the one previously
reported for the original ICT2588 prodrug, confirming that
the two molecules have similar cleavage profiles. It was
previously shown that this cleavage fragment 1s subse-
quently metabolized rapidly 1in the tumour by exopeptidases
in a non-specific manner to release the active drug. The
chosen length of the linker (2.6 nm, calculated 1n Chem3D
Ultra 8.0) was suflicient for eflicient cleavage: MMP-14
cleaved the peptide linker and released 87% of the total
calculated quantity of ICT after 2 hours as measured by
absorption spectra (almost no characteristic absorption of
ICT 1n absorption spectra after cleavage). MMP-14 treat-
ment of ICT 1n identical conditions cleaved 89% of the
prodrug as was observed by HPLC assays.

The size of the TNPs decreased slightly upon cleavage by
MMP-14 as measured by DLS (Table 1). As expected, the
iron oxide core size did not change upon functionalization
(6.5+£0.7 after functionalization versus 6.2-7.3 before) as
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determined by Transmission Electron Microscopy (TEM;

Table 1). Modified TNPs had slightly higher r1’s (38.9 for
CLIO-ICT and 39.5 mM 's™" for the cleaved CLIO-ICT)
and lower r2’s (56.0 for CLIO-ICT and 55.8 mM™'s™" for the
cleaved CLIO-ICT) compared to original ferumoxytol nano-
particles (32.3 and 74.9 mM's™', respectively), which is
likely due to the increase 1n molecular weight and the nature
of the coating.

2.3 Anticancer Activity of TNPs In Vitro

qgPCR revealed significant MMP-14 expression 1n
MMTV-PyMT tumour cells, while 4T1 tumour cells and
fibroblasts did not show significant MMP-14 expression
(FIG. 3B). Expression data were collected as Ct values and
the gene expression levels were normalized to the reference
control gene, GAPDH. MMTV-PyMT tumour cells showed
significant cell death after incubation with CLIO-ICT (cas-
pase expression ratio of 2.883:1 relative to the PBS control)
and ICT (caspase expression ration of 2.994:1 relative to the
PBS control), but not after incubation with ferumoxytol
(1.47:1) and PBS control (1:1). 4T1 cells were not respon-
sive to treatment with CLIO-ICT and MMP-14 negative
fibroblasts did not show any sigmificant cytotoxic eflects
after incubation with CLIO-ICT or ICT (FIG. 3A).

In addition we found that activation of the drug 1s in fact
due to MMP-14 dependent cleavage of the probe be per-
forming a set of MMP blocking experiments with Ilomostat
which showed disappearance of CLIO-ICT and ICT anti-
tumour activities (FIG. 12).

2.4 Tumour Accumulation of TNP In Vivo

After a single intravenous injection of ferumoxytol (0.5
mmol Fe/kg) and CLIO-ICT (0.75 mmol Fe/kg), MMTV-
PyMT tumours demonstrated a negative (dark) enhancement
on postcontrast T2-weighted MR 1mages (FIG. 4). This
negative tumour enhancement persisted for the entire time
period of observation, up to 24 h post-injection. Tumour
enhancement with TNPs was not significantly different
compared to the tumour enhancement with the original,
“diagnostic” nanoparticle ferumoxytol (FIG. 4). Control
mice 1njected with the therapeutic ICT or injected with PBS
did not show any significant MR signal enhancement (FIG.
4). This result confirmed that the evaluated MMTV-PyMT
tumours did not exhibit any intrinsic changes in MR signal
within a two-day observation period and that ICT did not
cause any MR signal changes either. Detection of iron using
DAB-enhanced Prussian Blue staining and immunostaining
of TNP-FITC with Alexa 488 conjugated anti-FITC anti-
body confirmed accumulation of TNPs and ferumoxytol in
MMTV-PyMT tumours (FIG. 5). Accumulation of TNPs 1n
the tumour was also monitored by measuring the fluores-
cence of fluorescein which 1s the part of both CLIO-ICT and
ICT. TNP showed higher fluorescence intensity in the
tumour at all times which 1s likely to be due to a higher
accumulation of CLIO-ICT relative to ICT (FIG. 11).

2.5 Antitumour Activity of TNPs In Vivo

Daily monitoring of MMTV-PyMT tumour size indicated
that PBS and ferumoxytol treated subjects showed an
increase in tumour size (P=0.002) whereas those treated
with CLIO-ICT and ICT showed an overall decrease in
tumour size (P=0.003; FIG. 3). Pathologic evaluation of
tumours confirmed a progressive increase 1n the severity of
tumour necrosis following ICT or CLIO-ICT ftreatment
(FIG. 5). In contrast, no sigmficant tumour necrosis was
observed 1n ferumoxytol treated tumours (FIG. 5). An analo-
gous pattern of progressive cellular cytotoxicity was
observed with the Cy3-labeled cleaved Caspase-3 immuno-
fluorescent staining: there was rare labelling of tumour cells
for the ferumoxytol imjected mice, but significant labelling
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of tumour cells from both the ICT and CLIO-ICT treated
mice (FIG. 5). Iron deposits were noted within ferumoxytol

and CLIO-ICT treated groups, but not 1n PBS or ICT-treated
groups (FIG. 5).

Conversely, no significant toxicity was observed in nor-
mal organs (liver, spleen, kidney, brain, bone marrow and
heart), detected either histologically, by detection of cas-
pase-3 activity (FIG. 6), and animal weight loss (FIG. 10).
In addition we monitored the stability of CLIO-ICT and ICT
in mouse blood plasma and found no ICT cleavage products
by mass-spectrometry.

CONCLUSIONS

As demonstrated above the conjugate of the present
invention illustrated by CLIO-ICT provides the opportunity
to monitor and potentially enhance therapeutic eflicacy, with
the key advances being the ability to 1dentily tumour local-
ization and disease extent, and simultaneously evaluate and
quantily the 1n vivo tumour accumulation of the therapeutic
with MR 1maging.

We showed MMP-14 hydrolysis of CLIO-ICT to liberate
the correct proteolytic-VDA fragment through cleavage at
the glycine-homophenylalanine bond, and differential in
vitro chemosensitivity in MMTV-PyMT (high MMP-14) but
not i 471 (low MMP-14) tumour cells or normal fibro-
blasts. In addition, the systemic stability of CLIO-ICT and
tumour-selective delivery 1s reinforced by MRI detectable
tumour-enhancement, a non-invasive observation not pos-
sible with ICT which 1s not bound to an 1imaging NP.

Conjugation of ICT to the NP did not diminish the
anticancer eflicacy of the prodrug as significant haemor-
rhagic necrosis was observed in the tumour following

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11
<210>
<211>
<212>
<213>
220>
<221>
<222>

223>

SEQ ID NO 1

LENGTH: 4

TYPE: PRT

ORGANISM: Homo sapiens

FEATURE :

NAME/KEY: X

LOCATION: (2)..(2)

OTHER INFORMATION: homophenylalanine
<400> SEQUENCE: 1

Gly Xaa Tyr Leu
1

<210> SEQ ID NO 2

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sgapiens

<220> FEATURE:

«<221> NAME/KEY: X

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: citruline
<220> FEATURE:

«<221> NAME/KEY: X

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 2

Arg Ser Xaa Gly Xaa Tyr
1 5
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administration. This mechanism 1s consistent with VDA-
induced decrease 1n functional tumour vasculature, a phar-
macodynamic eflect observed for ICT2588 and other VDA
approaches. Additionally, no antitumour effect or tumour
response was observed in the ferumoxytol (NP) treated
mice, which supports the fact that the therapeutic eflect 1s
derived directly from the released VDA entity. Most impor-
tantly for this approach and as suggested by the previous
study with ICT2588, there was a lack of detectable toxicity
and MR signal 1n non-tumour tissues, strongly supporting
the tumour-selective toxicity and widespread potential of
this strategy.

CLIO-ICT demonstrated both significant MR 1maging
ellects and anticancer activity, with selective and eflective
delivery to the tumour site, and with consecutive reduction
ol associated toxicity-liability to normal organs. In addition,
the conjugation of a therapeutic to nanoparticles allows for
a significantly higher drug payload to be delivered. The
advantages of our CLIO-ICT nanotherapeutics include the
ability to track the drug with MRI, together with longer
retention in the tumour tissue via VDA-1nitiated vascular
collapse and drug entrapment, and improved antitumour
cllicacy. Conceptually this 1s important, as by noninvasively
visualizing how well our TNP accumulates at the target site,
patient response to TNP treatment may be preselected.
Furthermore, this TNP approach also allows longitudinal
monitoring of patient response, allowing drug doses and
treatment protocols to be individualized and optimized dur-
ing follow-up. Consequently, the TNP approach holds sig-
nificant potential for improving the targeted therapy of
cancers, and personalized nanomedicine-based chemothera-
peutic interventions, to achieve delivery of the right drug to
the right location 1n the right patient at the right time.
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<210> SEQ ID NO 3

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: citruline
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (3)..(3)

223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 3

Xaa Gly Xaa Tyr Leu
1 5

<210> SEQ ID NO 4

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: citruline
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (4) .. {(4)

<223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 4

Ser Xaa Gly Xaa Tyr Leu
1 5

<210> SEQ ID NO b

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«221> NAME/KEY: X

222> LOCATION: (1) .. (1)

223> OTHER INFORMATION: beta alanine
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: citruline

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 5

Xaa Cys Arg Ser Xaa Gly Xaa Tyr
1 5

<210> SEQ ID NO 6

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: citruline
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 6

Arg Ser Xaa Gly Xaa Tvyvr Leu
1 5
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-continued

<210> SEQ ID NO 7
<211> LENGTH: 8
«212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<220> FEATURE:

«221> NAME/KEY: x

<222> LOCATION: (4)..{(4)

223> QOTHER INFORMATION: citruline

<220> FEATURE:

«221> NAME/KEY: x

<222> LOCATION: (5)..(5)

223> OTHER INFORMATION: homophenylalanine
<220> FEATURE:

<221> NAME/KEY: misc_feature

222> LOCATION: (6)..(6)

223> QOTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 7

Cys Arg Ser Xaa Gly Xaa Tyr Leu
1 5

<210> SEQ ID NO 8

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«221> NAME/KEY: X

222> LOCATION: (1).. (1)

223> OTHER INFORMATION: beta alanine

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: citruline

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 8

Xaa Cys Arg Ser Xaa Gly Xaa Tvyvr Leu
1 5

<210> SEQ ID NO 9

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: beta alanine
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (4) .. (4)

<223> OTHER INFORMATION: citruline
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (6) .. (6)

<223> OTHER INFORMATION: homophenylalanine

<400> SEQUENCE: 9

Xaa Arg Ser Xaa Gly Xaa Tyr Leu Cys
1 5

<210> SEQ ID NO 10

<211l> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. (1)

«223> OTHER INFORMATION: beta alanine
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<220> FEATURE:
«221> NAME/KEY: X
<222> LOCATION: (4) .. (4)
<223> OTHER INFORMATION: citruline
<220> FEATURE:
«221> NAME/KEY: X
<222> LOCATION: (6) .. (6)
<223> OTHER INFORMATION: homophenylalanine
<400> SEQUENCE: 10

Xaa Arg Ser Xaa Gly Xaa Tyvr Leu Tyr Cys

1 5 10
<210> SEQ ID NO 11

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: beta alanine
<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: cit

<220> FEATURE:

«221> NAME/KEY: X

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: homophenylalanine
<400> SEQUENCE: 11

Xaa Cys Arg Ser Xaa Gly Xaa Tyr Leu Tyr
1 5 10

The 1nvention claimed 1s:
1. A matrix metalloprotease (MMP) activatable conjugate
lacking folate and comprising:
a vascular disrupting agent (VDA) which binds to the
colchicine binding site of tubulin and wherein the VDA

1s selected from the group consisting of azademethyl-
colchicine, azacolchicine, N-methyl desacetylcolchi-
cine, desacetylcolchicine and N-acetylcolchinol-O-
phosphate,

a MMP cleavable peptide comprising the amino acid
sequence -Gly-Hol-Tyr-Leu- (SEQ ID NO: 1) or -Arg-
Ser-Cit-Gly-Hot-Tyr- (SEQ ID NO: 2), and

a nanoparticle comprising a magnetic resonance imaging,
(MRI) contrast agent, the MRI contrast agent compris-
ing an 1on selected from the group consisting of gado-
lintum, 1ron, platinum, manganese, copper, gold and
bartum.

2. A conjugate according to claim 1 wherein the MMP
cleavable peptide comprises the amino acid sequence -Gly-
Hoi-Tyr-Leu- (SEQ ID NO: 1).

3. A conjugate according to claim 1 or 2, wherein the
MMP cleavable peptide turther comprises a -Cys- at the N-
or C-terminus of SEQ ID NO:1 or SEQ ID NO: 2.

4. A conjugate according to claim 1, wherein the nano-
particle 1s from 3 to 200 nanometers (nm) in diameter.

5. A conjugate according to claim 1, wherein the MRI
contrast agent comprises an 1ron 10on and 1s selected from the
group consisting of 1ron oxides, magnetite (Fe,O,) and
maghemite (Fe,O,).

6. A conjugate according to claim 5, wherein the 1ron
oxide 1s superparamagnetic wron oxide (SPIO) or ultrasmall
superparamagnetic iron oxide (USPIO).

7. A conjugate according to claim 5, wherein the MRI
contrast agent 1s a carbohydrate coated iron oxide particle.
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8. A conjugate according to claim 1, wherein the VDA 1s

azademethylcolchicine.

9. A matrix metalloprotease 14 (MMP-14) activatable

conjugate lacking folate and comprising;:

a VDA which binds to the colchicine binding site of
tubulin, and wherein the VDA 1s selected from the
group consisting of Azademethylcolchicine, Azacolchi-
cine, N-methyl desacetylcolchicine, Desacetylcolchi-
cine and N-acetylcolchinol-O-phosphate,

a MMP-14 cleavable peptide comprising the amino acid
sequence -Arg-Ser-Cit-Gly-Hof-Tyr-Leu- (SEQ 1D
NO: 6), and

a nanoparticle of 3 to 200 nm in diameter comprising a
magnetic resonance 1imaging (MRI) contrast agent, the
MRI contrast agent comprising an 10n selected from
gadolinium, iron, platinum, manganese, copper, gold or
barmum.

10. A pharmaceutical composition comprising the conju-
gate of claam 1 or 9, and a pharmaceutically acceptable
carrier, vehicle, diluent or excipient.

11. A method for treating a tumour comprising adminis-
tering to a subject 1 need thereot an effective amount of the
conjugate of claim 1 or 9.

12. A method for treating and 1maging a tumour compris-
ing administering to a subject in need thereof an eflfective
amount of the conjugate of claim 1 or 9, the method further
comprising obtaining an MRI 1mage of the subject’s tumour
site.

13. A method for treating a tumour and monitoring VDA
delivery to the tumour 1n a subject, the method comprising
administering the conjugate of claim 1 or 9 to a subject 1n
need thereof and obtaining one or more MRI 1mages of the
subject’s tumour site.
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14. A method according to claim 13, wherein a first MRI
image of the tumour site 1s obtained at a first point 1n time
and a second MRI image of the tumour site 1s obtained at a
subsequent second point in time, thereby enabling VDA
delivery to the tumour site to be monitored. 5

15. The conjugate of claim 2, wherein the MMP cleavable
peptide comprises an amino acid sequence selected from the
group consisting of -Ser-Cit-Gly-Hol-Tyr-Leu- (SEQ ID: 4),
-Arg-Ser-Cit-Gly-Hof-Tyr-Leu- (SEQ ID NO: 6), -pAla-
Arg-Ser-Cit-Gly-Hof-Tyr-Leu- (SEQ ID NO: 9) and -pfAla- 10
Arg-Ser-Cit-Gly-Hof-Tyr-Leu-Tyr- (SEQ 1D NO: 10).

16. The conjugate of claim 7, wherein the 1ron oxide
particle 1s coated with dextran.

17. The conjugate of claim 7, wherein the 1ron oxide
particle 1s ferumoxytol. 15

18. The conjugate of claim 9, wherein the MMP cleavable

peptide turther comprises a -Cys- at the N- or C-terminus of
SEQ ID NO:6.
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